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  Electric power is one major industry that has shaped and contributed to the progress and 
technological advances of mankind over the past century. It is not surprising then that the 
growth of electric energy consumption in the world has been nothing but phenomenal. The 
first 1100-kV line was scheduled for energization in the early 1990s. The trend is motivated 
by the economy of scale due to the higher transmission capacities possible, lower 
transmission losses, and reduced environmental impact. 
 From the 1990s, power systems in many states around the world have accepted 
deregulation. The aim is to reduce the price of electric power and to offer better service to 
electric power consumers. With global deregulation of power systems, energy supply methods 
will become diversified; electric power systems are expected to become even more 
complicated. The fault current value, the influence range, and danger increase with expansion 
of deregulation. When a fault current flows, it is accompanied with an electric discharge 
breakdown: a fault arc then occurs with enormous energy. The molecule of a medium in the 
course of the arc is dismantled to an electron and an ion, a neutral particle, and enters a 
plasma state because of the remarkable heat, light, and sound energy.  
Arcs that occur between conductors are the main cause of power system faults. In 
current power systems, fault restraint and supply quality and stability electric power have 
become an important and persistent problem. Consequently, the study of important and 
fundamental characteristics of the arc plasma is even more necessary. 
A fault arc occurs in the transmission line of the electric power system by the thunderbolt. 
The fault arc current that occurred by thunderbolts gives electromagnetic field influence to an 
other aspect electric wire and spreads to the whole electric power system. The transmission 
field was much more noticeable in the power system deregulation current. Especially, the 
problem has attracted more attention since blackouts have occurred in U.S.A and Canada, and 
also in Europe. How can investment incentives be provided to the transmission field? How 
can an investment to the transmission field be recovered? Until now, the wheeling price model 
has been separated into two methods: a marginal cost method and an embedded cost method. 
Neither the embedded cost method nor the marginal cost method considers congestion cost 
and loss cost of the transmission lines. I present a new calculation method of wheeling prices 
and a quantitative evaluation method for incentive usage of transmission line under 
deregulation. The cooperation game theory has been presented to calculating transmission 
cost distribution in deregulation of power system. The new method of wheeling prices 
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includes the capacity cost, congestion cost, and loss cost of transmission lines. Herein, we 
attempt to evaluate the proposed methods and illustrate the usefulness in the example system. 
The basic characteristics of arc plasma are investigated about its stagnation coefficient 
on anode point, stiffness Young’s modulus and the application to medical waste treatment. 
Intense plasma arcs have useful high temperature, high radiation, high energy, and high 
control characteristics. Those good features will be used in the future not only in the field of 
electric applications but also in the field of surface treatments, welding, hazardous waste 
treatment, etc. in all industrial markets.  
The plasma arc possesses high current magneto-dynamic feature. As a result the figure 
mode is greatly influenced by additional external force. When the external force is a 
high-speed lateral gas flow, the feature has been studied under section. However, research 
under external magnetic field is few. Then I discussed the stagnation coefficient due to plasma 
arc mode under consideration of electromagnetic field and plasma power theory, especially on 
the stagnation coefficient to the anode surface. The pressure of stagnation point is roughly 
proportional to the second power of the plasma current times a stagnation coefficient 
introduced in CRIEPI report. The stagnation coefficient is decided on the electrode materials, 
the electrode shape and the plasma current. However this figure changes steeply with change 
of plasma current, which means it is not convenient as a constant coefficient in the actual use. 
In this study the stagnation coefficient is studied in all current regions.  Moreover, we 
presented a new coefficient of modified stagnation coefficients in consideration of the 
concrete plasma power theory and in new idea on mass velocity the stagnation pressure is 
settled to be the energy flux that is situated on the anode. The newly proposed modified 
stagnation coefficient corresponds to the effective key resistance of the plasma for making up 
the short of the previous stagnation coefficient. In order to understand the basic characteristics 
of the torch plasma, quantitative analysis has been done. Through experimental data, the 
previous stagnation coefficient decreases steeply with increase of current. But the modified 
stagnation coefficient changes little with all current. Especially, the modified stagnation 
coefficient is nearly a constant with change of current in the large current using proposed 
Mass velocity model to calculate a pressure of the stagnation point. Velocity of torch plasma 
has also been presented as a function of plasma current for different plasma temperature. 
Previous studies have indicated widely various relevant parameters for plasma torches for 
plasma diagnostics: current, electrode distance, plasma diameter, pressure, radiation and 
plasma power. However, for raising the reliability of torch plasma applications it is necessary 
to raise its controllability, based on a conventional study of the plasma current, the voltage, 
and the heat conduction characteristics, a study of torch plasma device characteristics is 
expected. This research specifically examines the stiffness Young’s modulus of torch plasma 
and its influence upon the current, crosswind velocity, and plasma length with a crosswind 
velocity. Therefore, a torch plasma arc is applicable for providing electrical power from the 
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ground to high-speed vehicles gliding near the ground or vice versa, a stable condition using 
torch plasma that is useful in strong winds outdoors and a condition to heat waste with arc 
plasma can be found. It was expected to improve the controllability of the torch plasma 
remarkably. This work presents important results of a unified study of electrical and 
mechanical characteristics of the plasma. In this study the torch plasma is of an isothermal 
simple elastic column model that has diameter d(cm) and an appearance plasma of length 
La(cm). The deflection of the torch plasma by the cross-wind resembles a cantilever with a 
uniform counterforce D (dyn/cm). The main results are as follows: The plasma torch has soft 
elasticity. The torch plasma will be deformed downward by the crosswind, with movement on 
the anode surface with the crosswind: The transfer length will decrease with increasing 
current. The Young’s modulus increases with increasing current in direct relation to the 0.67th 
power of the plasma current. As physical meaning, although diameter d increases when the 
electric current increases, the I/d ratios increase in direct relation to the 0.70th power of the 
electric current, and the center temperature rises; consequently, the mean temperature rises 
accordingly. Because the temperature rises, the electronic density ne(= ion density ni) and 
electronic velocity ve rise together, thereby the quantity of the electrons and the ions per unit 
volume of the torch plasma increase physically according to the increase of the plasma 
current. Because it is stripped off by the increase of the crosswind velocity that the heat 
conduction of the plasma penumbra without the electric current, the plasma diameter d is 
narrow slightly. Therefore, the Young’s modulus increases with increasing crosswind velocity. 
When the plasma length increases, the apparent plasma diameter decreases. The heat transfer 
from the plasma to the electrode decreases, so that the average temperature of torch plasma 
rises, and the Young’s modulus grows. Generally, the solid Young’s modulus decreases with 
rising temperature, although the stiffness Young’s modulus of the torch plasma increases with 
rising temperature. Because maintaining solid original properties of matter with rising 
temperature becomes difficult, the stiffness Young’s modulus will fall. In contrast, that the 
stiffness Young’s modulus of the plasma increases is expected because the ionization 
phenomenon of the plasma is activated with rising temperature and the properties of matter of 
the plasma are more emphasized. 
In addition, a dual torch furnace was developed for hazardous waste treatment. 
Although different conventional plasma torches, e.g., the transferred and non-transferred arc 
plasma torches, have been developed, there are still some problems for ignition and 
generation of high temperature and highly intense arcs for hazardous waste treatment. 
Especially, medical waste includes complex ones such as knives, scissors, injector tubes, 
injector needles, diaper, blood etc. Normally, the plastic is non-conducting material, while 
metals such as knives and injector needles are electrically conducting materials. It is not 
enough to treat the injector needle by the normal incinerator, because the temperature is too 
low to treat the injector needle made of stainless steel. And also the off-gas should be clean. 
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The dual torch plasma arc is one of the non-transfer type arcs, i.e. it is not producing Joule 
heating of materials themselves. But then the temperature of the arc column is high enough to 
treat not only the non-conducting materials but also the electrically conducting materials. The 
heating efficiency of the dual torch arc to the central pole is about 12 to 17% in the 
experiment. The multi torch plasma arc having three torches can generate high temperature. In 
experimental results, the arc appearance in the dual and multi plasma torches changes from a 
V mode (dual torch) to a Y mode (multi torch); the voltage of the multi and dual torch plasma 
arc is about 1.3 to 1.5 times higher than that of the single torch arc and decreases with arc 
current; the temperature of the dual torch is ca. 10,000K near the cathode, ca. 11,000K near 
the anode, and ca. 9,000K at the central point between the electrodes at an arc current of 
100A; the temperature distribution of the multi plasma arc is double or much wider than those 
of the dual and single torch plasma arc. A more effective device of multi torch furnace is 
expected for hazardous waste treatment.  
Future, numerous remaining issues still demand to be elucidated about arc plasma 
fundamental characteristics, including the influence of stiffness Young’s modulus upon the 
atmospheric pressure and the gas kinds with a crosswind velocity, the influence of stiffness 
Young’s modulus with an external magnetic field. Moreover, new ideas to be explored and 
developed in the future include arc applications to solving environmental problems: 
purification of water using the arc, power supply using the arc, strong arc production, a 
circularly stable arc, arc analyses using chaos theory, and development of a breaker. Currently, 
reduction of greenhouse gases, including CO2, is urgently demanded. The Kyoto Protocol 
presented a plan for action to alleviate global warming for the first time. Reduction of CO2 
emissions is being pursued in industry to realize low carbon societies: particularly electric 
generation and automotive industries. A large effect is anticipated for CO2 gas emissions 
reduction by exchanging internal combustion engines to electric vehicles (EV) and electric 
motorcycles (EM). For this study, the dynamic reduction effect of CO2 gas discharge for 
change from internal combustion engines to electric vehicles and from gasoline motorcycle to 
electric motorcycles was investigated quantitatively. The Japanese power generation status, 
which shows characteristics of electricity generation, and optimized adjustment to electricity 
demand, load and environment was examined. Based on a CO2 gas discharge basic unit, the 
estimated quantity of reduction of CO2 gas discharge from EVs was calculated by 
extrapolating test results to all 80 million registered vehicles in Japan in 2000 and from 
electric motorcycles was calculated by extrapolating test results to all 12 million registered 
motorcycles in Japan in 2006. The reduction of CO2 gas discharge is expected to be 52% by 
changing gas-fuelled vehicles to EVs if using the statistical mean data to calculate the CO2 
gas discharge. However, the dynamic differential is only 19% reduction if offer energy by 
thermal power and -2% if only coal thermal power were used. Consequently, the estimated 
reduction of CO2 gas discharge from the statistical mean data might be misleading. 
